Species of Diatrypaceae are widespread on dead wood of plants worldwide. The delineation of this family is rather problematic because the characters of ascostromata are extremely variable and the names of taxa with sequence data are often misleading. In this paper, species of Diatrypaceae were collected from Para rubber in northern Thailand for examination and illustrations. Based on morphological characteristics and phylogenetic analyses, a new genus, Allocryptovalsa, is introduced to accommodate a new species A. polyspora and two species, A. cryptovalsoidea and A. rabenhorstii are transferred to the new genus. The new species, Diatrypella heveae and Peroneutypa longiasca are also introduced in this paper. Phylogenetic analyses of combined ITS and β-tubulin sequence data show their phylogenetic affinities in Diatrypaceae. Our study also shows that phylogenetic analyses of taxa of Diatrypaceae are highly confused as some genera are shown to be polyphyletic.
Introduction
The family Diatrypaceae (Xylariales, Sordariomycetes) has a widespread distribution on variety of plants worldwide, comprising 16 genera and more than 1500 species (Trouillas et al. 2011 , Maharachchikumbura et al. 2015 , 2016 , Mehrabi et al. 2015 , Senanayake et al. 2015 , Dayarathne et al. 2016 , de Almeida et al. 2016 , Shang et al. 2017 . Species of this family are mostly saprobes inhibiting wood and bark of various angiosperms and some species (e.g. Eutypa leptoplaca, Eutypella lata, E. microtheca, Cryptosphaeria pullmanensis, Cryptovalsa ampelina, and Diatrypella vulgaris) have been reported as pathogens and/or endophytes (Acero et al. 2004 , Trouillas et al. 2004 , 2010 , 2011 , Trouillas & Gubler 2010 , 2016 , Grassi et al. 2014 , PaolinelliAlfonso et al. 2015 , Mehrabi et al. 2016 , Shang et al. 2017 .
Taxa in Diatrypaceae are characterized by perithecial ascomata, with poor or well-developed ascostromata, immersed to erumpent in the host substrates, with ostiolate, and papillate ascomata, ºC for 50 s, and final extension at 72 ºC for 10 mins. The PCR thermal cycle program for β-tub gene were amplified as: initially 94 ºC for 2 mins, followed by 35 cycles of denaturation at 94 ºC for 1 min, annealing at 58 ºC for 1 min, elongation at 72 ºC for 1.50 mins, and final extension at 72 ºC for 10 mins. PCR products were checked on 1% agarose gels electrophoresis stained with ethidium bromide and sent to sequence at Sangon Biotech Co., Shanghai, China.
Phylogenetic analysis
Sequences generated in this study were analysed with other related sequences of the genera in Diatrypaceae which were obtained from GenBank and also derived from recent publications (de Almeida et al. 2016 , Shang et al. 2017 . Kretzschmaria deusta (CBS 826.72) and Xylaria hypoxylon (CBS 121680) were selected as the out-group taxa (Table 1) . The ITS and β-tub gene datasets were initially aligned by using MAFFT version 7 (Katoh & Standley 2013 , http://mafft.cbrc.jp/alignment/server/) and improved manually where necessary in MEGA6 (Tamura et al. 2013) . Ambiguous regions were excluded [exclude sites: ITS (1-631 bp) = 77-87, 128-145, 480-490, 629-631; β-tub (632-1107 bp) = 687-747, 842-916, 935-961, 1070-1107] from the analyses using Gblocks 0.91b (Talavera & Castresana 2007) . The individual gene alignments were analysed separately for checking the incongruence in overall topology of the phylogenetic tree and a combined ITS and β-tub sequence data were analyzed and inferred the phylogenetic tree based on maximum likelihood (ML), maximum parsimony (MP), and Bayesian inference (BI) analyses.
The estimated evolutionary model of Bayesian inference and maximum likelihood were performed independently for each locus using MrModeltest v. 2.3 (Nylander 2008) implemented in PAUP v. 4.0b10 (Swofford 2002) . The best-fit model is resulted as GTR+I+G model for each locus under the Akaike Information Criterion (AIC).
Bayesian Inference analysis was performed by MrBayes v. 3.0b4 (Ronquist & Huelsenbeck 2003) with the best-fit model of sequences evolution under the Akaike Information Criterion (AIC). Bayesian posterior probabilities (BYPP) (Rannala & Yang 1996 , Zhaxybayeva & Gogarten 2002 were determined by Markov Chain Monte Carlo Sampling (BMCMC). Six simultaneous Markov chains were run from random trees for 2000000 generations and trees were sampled every 100 th generations. The Tracer v. 1.6 (Rambaut et al. 2013) program was used to examine the distribution of log-likelihood scores and determine stationary phase for each search as well as decided to acquire the extra run for achieve convergence. The first 20% of generated trees representing burn-in phase of the analysis were discarded and the remaining trees were used for calculating posterior probabilities (PP) of a majority rule consensus tree.
Maximum likelihood analysis was performed by Randomized Axelerated Maximum Likelihood (RAxML) implemented in raxmlGUI v.1.3 (Silvestro & Michalak 2011) . A general time reversible model (GTR) was applied with a discrete gamma distribution which was complemented for each substitution model with four rate classes (Silvestro & Michalak 2011) . One thousand rapid bootstrap analysis (Stamatakis et al. 2008) and searches for the best-scoring ML tree (RAxML option "-f a") were applied (Silvestro & Michalak 2011) . The final tree was selected among suboptimal trees from each run by comparing likelihood scores under the GTR+GAMMAI substitution.
A maximum parsimony (MP) analysis was carried out with PAUP v 4.0b10 (Swofford 2002 ). Trees were inferred using the heuristic search function with 1000 random stepwise addition replicates and tree bisection-reconnection (TBR) as the branch-swapping algorithm. All informative characters were unordered and of equal weight. The consistency index (CI), retention index (RI), rescaled consistency index (RC) and homoplasy index (HI) were measured. Statistical supports for branches of the most parsimonious tree were estimated using maximum parsimony bootstrap (BS) analysis with 1,000 bootstrap replicates (Felsenstein 1985) .
The phylogenetic tree was shown in FigTree V.1.4.3 (Rambaut 2016 ) and drawn in Microsoft PowerPoint 2013 and converted to jpeg file in Adobe Photoshop CS6 version 13.0. (Adobe Systems. U.S.A.). The newly sequences generated in this study were submitted in GenBank (Table   1839 1). The final alignment and tree were deposited in TreeBASE (http://www.treebase.org/) under the submission ID 21525.
Results

Phylogeny
Phylogenetic analyses of a combined ITS and β-tub sequence data based on ML, MP and BI analyses were similar in overall tree topologies and not different significantly (data not shown). The dataset consists of 79 taxa from representative strains of species in Diatrypaceae. The total alignment length comprises 1107 characters including gaps.
The RAxML analysis resulted in a best scoring likelihood tree selected with a final ML optimization likelihood value of -9586.121953 which is represented in Fig. 1 . The final likelihood tree was evaluated and optimized under GAMMA+P-Invar model parameters, with 521 distinct alignment patterns and 24.40% of undetermined characters or gaps. The MP analysis had 863 included remaining characters after 244 characters were excluded, with 434 characters were constant; 90 variable characters were parsimony-uninformative; and 339 were (included) parsimony-informative characters. The most parsimonious showed TL = 1769, CI = 0.418, RI = 0.734, RC = 0.307 and HI = 0.582. Bayesian posterior probabilities from MCMC were evaluated with final average standard deviation of split frequencies = 0.008511.
The phylogenetic tree based on analysis of a combined ITS and β-tub sequence data is shown the relationships of diatrypaceous taxa representing 14 clades within Diatrypaceae (Fig. 1) . The new species, Diatrypella heveae (MFLUCC 17-0368) formed a single lineage, distinct from D. atlantica (HUEFS 136873 and HUEFS 194228) , with no support, but its position was similar in all analyses. The comparisons of ITS sequence data show that D. heveae differs from D. atlantica in six base positions and is different in eleven base positions of β-tub pairwise comparisons. Diatrypella has shown to be a species complex which is difficult to distinguish based on morphological aspects. We therefore, introduced Diatrypella heveae as a new species, distinguishing from D. atlantica based on phylogenetically distinct and morphological differences (see Table 3 Peridium thick, composed of several cell layers of brown to black cells of textura angularis, outer cell fused with host cells. Hamathecium comprising dense, arising from the base of perithecia, hyaline, unbranched, septate, slightly constricted at septa, filamentous paraphyses, narrowing and tapering toward at apex. Asci polysporous, unitunicate, thin-walled, clavate to cylindric-clavate, long pedicellate, apical round to truncate, with a refractive J-subapical ring. Ascospores crowded, hyaline to pale yellowish, or pale brown at maturity, oblong to allantoid, aseptate, smooth-walled, with small guttules. Asexual morph: Undetermined.
Type species -Allocryptovalsa polyspora C. Senwanna, Phookamsak & K.D. Hyde Notes -Cryptovalsa is typified by C. protracta (Pers.) De Not. (1863) that is characterized by immersed ascostromata but sometimes invading bark tissues, polysporous, cylindrical or clavate asci, and allantoid ascospores (Vasilyeva & Stephenson 2005) . The phylogenetic study from de Almeida et al. (2016) showed that Cryptovalsa rabenhorstii clustered with Eutypella cryptovalsoidea and other Eutypella sensu lato species. In their analyses, de Ameida et al. (2016) suggested that taxa included in this clade could represent a new genus and also appropriated to accommodate the type species of Cryptovalsa according to the presence of C. rabenhorstii and Eutypella cryptovalsoidea. However, Cryptovalsa rabenhorstii formed a distinct lineage separate from Cryptovalsa ampelina (Nitschke) Fuckel (clade L Cryptovalsa sensu lato) and the generic type of Cryptovalsa has not yet been sequenced. Therefore, phylogenetic affinity of this genus is uncertain.
In this study, our species is characterized by perithecia immersed in host tissue, polysporous asci, and allantoid ascospores. Phylogenetic analyses of a combined ITS and β-tub sequence data showed that our species clustered with the polysporous species, Cryptovalsa rabenhorstii and Eutypella cryptovalsoidea and also resembles morphological characters as described in Trouillas et al. (2011) . Therefore, we introduce Allocryptovalsa as a new genus in Diatrypaceae to accommodate a new species Allocryptovalsa polyspora and two new combination species Allocryptovalsa cryptovalsoidea (≡ Eutypella cryptovalsoidea) and Allocryptovalsa rabenhorstii (≡ Cryptovalsa rabenhorstii) which are also designated and accommodated in this genus. Trouillas, Pitt, Sosnowski, Huang, Peduto, Loschiavo, Savocchia, Scott & Gubler, Fungal Diversity 49: 215 (2011) Index Fungorum number: IF553863 Notes -Eutypella cryptovalsoidea was introduced by Trouillas et al. (2011) which was characterized by ascostromata mostly in the bark, asci clavate to spindle-shape, long pedicellate, polysporous asci, and allantoid to sub-allantoid ascospores. This species is similar to Allocryptovalsa polyspora in its asci, ascospore shape and colour. Eutypella cryptovalsoidea differs from other Eutypella species in having polysporous asci (Vasilyeva & Stephenson 2005 , de Almeida et al. 2016 . Phylogenetic analyses showed E. cryptovalsoidea grouped with Cryptovalsa rabenhorstii and Allocryptovalsa polyspora, which also have polysporous asci (Fig. 1) . Therefore, we transfer the species to the genus Allocryptovalsa as A. cryptovalsoidea. Saprobic on dead twig of Hevea brasiliensis (Willd.) Muell. Arg. Sexual morph: Ascostromata solitary to gregarious, 1-3-loculate, immersed to semi-immersed, becoming raised to erumpent through the host tissue. Ascomata 100-400 µm diam., 80-425 µm high, perithecial, dark brown to black, gregarious or solitary, immersed to semi-immersed in substrate, globose to subglobose, dark brown to black, ostiolate, papillate. Ostiolar canal 20-40 µm wide, central, not prominent, cylindrical, straight, dark brown to black, with periphysate. Peridium 15-33 μm wide, composed of two type layers, outer layer comprising several layers of thick-walled, dark brown to black cells of textura angularis, inner layer comprising 3-5 layers of thin-walled, hyaline cells of textura angularis. Hamathecium 3-10 μm wide, comprising dense, hyaline, septate, unbranched, slightly constricted at the septa, filamentous paraphyses, tapering towards the apex. Asci (33-)70-120(−177) × (4-)13-19(−21) µm ( x = 104 × 16.3 μm, n = 20), spore-bearing part length [p. sp.] (29-) 40-75(−90) μm ( x = 59.73 μm, n = 45), polysporous, unitunicate, thin-walled, clavate , long pedicellate, apically rounded, with a refractive, J-subapical ring. Ascospores 5-14 × 2-4 µm (= 10.8 × 2.8 μm, n = 105), crowded, pale yellowish to pale brown at maturity, oblong to allantoid, aseptate, slightly curved, smooth-walled, with small guttules. Asexual morph: Undetermined.
Allocryptovalsa polyspora
Culture characteristics -Ascospores germinated on MEA within 24 hours and germ tube produced from one or both sides of the ascospore. Colonies on MEA reaching 5.5 cm diam. after 14 days at 25 °C, colonies medium dense, irregular, flat or effuse, slightly raised, fluffy, white, not produced pigmentation on MEA media.
Material examined -THAILAND, Phayao Province, Muang District, on dead twig of Hevea brasiliensis (Euphorbiaceae), 29 January 2017, C. Senwanna, RBPY046 (MFLU 17-1218, holotype, HKAS100697 isotype), ex-type living culture, MFLUCC 17-0364 = KUMCC17-0261.
Addition GenBank number -LSU = MF959503. Notes -Allocryptovalsa polyspora shares a size range of the asci and ascospores with A. cryptovalsoidea, but is typical smaller than A. cryptovalsoidea and A. rabenhorstii. However, A. polyspora differs from A. cryptovalsoidea and A. rabenhorstii in a having shorter of spore-bearing part (see Table 2 ). (Trouillas et al. 2011) . Based on phylogenetic analyses this species clustered with A. cryptovalsoidea and A. polyspora and formed separate clade with Cryptovalsa ampelina ( Fig. 1; Clade H) . However, the type of Cryptovalsa, C. protracta (Pers.) De Not., lacks sequence data in GenBank. Until more species are collected and sequenced, understanding of the Cryptovalsa will remain incomplete. Therefore, we transfer the species to the genus Allocryptovalsa as A. rabenhorstii. Type species -Diatrypella verruciformis (Ehrh.) Nitschke 1867 Note -Diatrypella is feature characterized by "ascostromata conical or truncate, cushion-like or discoid, usually delimited by a black zone on host tissues, perithecial ascomata, umbilicate or sulcate ostioles; asci polysporous, cylindrical, with long stalks and ascospores are ovoid to allantoid, hyaline or yellowish" (Vasilyeva & Stephenson 2005 , Mehrabi et al. 2015 , Shang et al. 2017 . Acero et al. (2004) confirmed the polyphyletic groups of Diatrypella in Diatrypaceae based on phylogenetic analysis of ITS rDNA data and this was concurred from previous studies (de Almeida et al. 2016 , Mehrabi et al. 2016 , Shang et al. 2017 . 1 -Phylogram generated from the best scoring of the RAxML tree based on a combined ITS and β-tubulin sequence data. Bootstrap support values for maximum likelihood (ML, blue) and maximum parsimony (MP, red) equal or greater than 50% are defined above the node. Bayesian posterior probabilities (BYPP) equal or greater than 0.95 are shown as bold branch. The tree is rooted to Xylaria hypoxylon (CBS 122620) and Kretzschmaria deusta (CBS 826.72 ). All sequences from ex-type strains are in bold and type species are denoted with the superscript "Ts" after the species name. Newly generated strains are indicated in red high, 160-460 µm diam., perithecial, black, clustered, immersed to semi-immersed in ascostroma, ovoid to subglobose, 4-5 locules in ascostroma, glabrous, ostioles non prominent, with or without papillate, carbonaceous. Ostiolar canal 150-245 μm high, 45-140 μm diam., cylindrical, sulcate, periphysate, with yellowish pigment around ostioles. Peridium 12-33 μm wide, composed of two type layers, outer layer comprising several layers of thick-walled, dark brown to black cells of textura angularis, inner layer comprising 3-5 layers of thin-walled, hyaline cells of textura angularis to textura prismatica. Hamathecium 3.5-11 μm wide. ( x = 7.02, n = 20), comprising dense, hyaline, septate, unbranched, filamentous paraphyses, tapering towards the apex, embedded in hyaline gelatinous matrix. Asci 70-136 × 10-21 µm ( x = 101.9 × 14.6 μm, n = 45), sporebearing part length [p. sp.] (65-)80-113(−126) μm ( x = 92.95 μm, n = 20), polysporous, unitunicate, thin-walled, clavate to cylindric-clavate, long pedicellate, apically rounded to truncate with indistinct J-subapical ring. Ascospores 5-9 × 1-3 µm ( x = 6.9 × 1.8 μm, n = 45), crowded, initially hyaline, becoming pale yellowish to pale brown at maturity, oblong to allantoid, aseptate, slightly curved, smooth-walled, mostly with small guttules. Asexual morph: Undetermined.
Allocryptovalsa rabenhorstii
Diatrypella
Culture characteristics -Ascospores germinated on MEA within 24 hours and germ tube produced from one end of the ascospore. Colonies on MEA reaching 4.5-5 cm diam. after 14 days at 25 °C, colonies medium dense, irregular, flat or effuse, slightly raised, cottony, white, margin rough, not produced pigmentation on MEA media.
Material examined -THAILAND, Chiang Rai Province, Wiang Chiang Rung District, on dead twig of Hevea brasiliensis (Euphorbiaceae), 1 November 2016, C. Senwanna, RBCR002 (MFLU 17-1216, holotype; HKAS100695, isotype), ex-type living culture MFLUCC 17-0368 = KUMCC17-0260.
Addition GenBank number -LSU = MF959504. Notes -The new species, Diatrypella heveae is similar to D. atlantica, but differs by black outer layer of the entostroma, shorter asci and longer spore-bearing part length (Table 3) . Diatrypella heveae differs from D. tectonae by its shorter asci and ascospore (Table 3 ). In the phylogenetic analyses based on ITS and β-tub sequence data ( Fig. 1) Note -This genus is characterized by valsoid ascostromata, perithecia with long necks octosporous, clavate, sessile to subsessile asci, allantoid, hyaline or yellowish ascospores (Carmarán et al. 2006 , Vasilyeva and Rogers 2010 , Mehrabi et al. 2016 , Shang et al. 2017 . The molecular phylogenetic analysis of Peroneutypa species appears to be a monophyletic group in Diatrypaceae (Carmarán et al. 2006 , Dai et al. 2016 , Shang et al. 2017 . Etymology -In reference to the long pedicellate of the asci Holotype -MFLU 17-1217 Saprobic on dead twig of Hevea brasiliensis. Sexual morph: Ascostromata solitary to gregarious, immersed, becoming raised to erumpent through host tissue by a long ostiolar canal, dark brown to black, irregular in shape, arranged in longitudinal configuration. Ascomata 180-450 μm high, 170-390 µm diam., perithecial, with long neck, single to aggregated, immersed in substrate, globose to subglobose, dark brown to black. Ostiolar canal 20-50 μm wide, with long necks, 190-440 μm length, cylindrical, straight, dark-brown to black. Peridium 14-47 μm wide, composed of two layers, outer layer comprising several layers of thick-walled, dark brown to black cells of textura angularis, inner layer comprising 3-5 layers of thin-walled, hyaline cells of textura angularis to hyaline, thin-walled, clavate to cylindrical, short to long pedicellate, apically rounded to truncate with indistinct J-subapical ring. Ascospores 3-7 × 1-3 µm ( x = 5.8 × 2 μm, n = 30), overlapping 2-3-seriate, hyaline, oblong to allantoid, aseptate, slightly curved, smooth-walled, with small guttules. Asexual morph: Undetermined.
Peroneutypa longiasca
Culture characteristics -Ascospores germinated on MEA within 24 hours and germ tube produced from one or both sides of the ascospore. Colonies on MEA reaching 2-4.5 cm diam. after 14 days at 25 °C, colonies irregular, flat or effuse, slightly raised, margin rough, white, with aerial mycelium, reverse side white at the margin, yellow to pale brown at the center, not produced pigmentation on MEA media. Addition GenBank number -LSU = MF959505 Notes -Peroneutypa longiasca is introduced as a new species based on morphology characteristics and phylogenetic analyses. This species resembles to P. mackenziei. However asci dimensions of P. longiasca are longer and wider than P. mackenziei (Table 4) and P. longiasca do not appear paraphyses. In this study phylogenetic analyses of a combined ITS and β-tub sequence data (Fig. 1) showed that P. longiasca (MFLUCC17-0371) forms a distinct lineage sister to P. mackenziei.
Discussion
Taxa in Diatrypaceae are difficult to distinguish based on the morphological characters (Acero et al. 2004 , Vasilyeva & Stephenson 2005 . Therefore, multigene phylogenetic investigations are needed to clarify phylogenetic affinities of the genera in this family. Some genera in Diatrypaceae lack molecular data to clarify their placement as well as the generic types have not yet been sequenced. Therefore, more taxon sampling of representative species from genera in Diatrypaceae are acquired in further work and the taxonomic revision of this family is needed to be revisited.
In this study, phylogenetic analyses based on a combined ITS and β-tubulin sequence data showed that Cryptosphaeria, Diatrype, Diatrypella, Eutypa and Eutypella are polyphyletic within the family and this is concurred the results from previous studies (Acero et al. 2004 , Trouillas et al. 2011 , Chacón et al. 2013 , de Almeida et al. 2016 , Shang et al. 2017 .
The new genus Allocryptovalsa is introduced to accommodate cryptovalsa-like taxa forming polysporous asci viz. A. cryptovasoidea, A. polyspora and A. rabenhorstii. Allocryptovalsa clusters with Eutypella sensu lato which is characterized by 8-spored asci and this is concurs with the results of de Almeida et al. (2016) . Eutypella microtheca (clade H; sensu lato) forms a robust clade (99% ML, 98% MP and 1.00 PP) with Allocryptovalsa. However, the species differs from Allocryptovalsa in having 8-spored asci. Furthermore, other Eutypella sensu lato in Clade H forms a separated clade with Eutypella sensu stricto (Clade J) which is represented by the type species Eutypella cerviculata (Fr.) Sacc., Therefore, the new genera may need to designate for accommodating taxa in this clade when more taxon sampling and informative genes can be resolved their generic boundaries.
Phylogenetic analyses showed a polyphyletic in Diatrypella and Diatrype (Acero et al. 2004 , Trouillas et al. 2011 , Grassi et al. 2014 , de Almeida et al. 2016 , Shang et al. 2017 . Diatrypella sensu lato (Clade C) comprises D. favacea and D. pulvinata, form a distinct lineages with Diatrypella sensu stricto (clade A) and this concur the phylogenetic results of de Almeida et al. (2016) . Taxa in this clade need to be revisited.
Diatype enteroxantha, D. macowaniana, D. oregonensis and Eutypella caricae form a wellresolved clade together with Diatrypella sensu stricto (clade A). However, these taxa are morphologically different from Diatrypella due to their octosporous asci. Therefore, these taxa are needed to be revisited based on morphological study and multigene phylogenetic analyses to determine their taxonomic placement. Furthermore, the new genus is required to accommodate these taxa in further study.
In clade J, Eutypa microasca clusters with Peroneutypa species, which is concurred with de Almeida et al. (2016) . Eutypa microasca should be transferred to the genus Peroneutypa in further studies. Peroneutypa has recently been studied by Carmarán et al. (2006 ), de Almeida et al. (2016 , Dai et al. (2017) and Shang et al. (2017) . The phylogenetic analyses of ITS and β-tub showed that Peroneutypa formed a well-resolved clade in Diatrypaceae. The new species, P. longiasca sister to P. mackenziei, but they are different in morphological characters as P. longiasca lacks paraphyses and long pedicellate, which is different from previous studies that reported this genus has conspicuous sessile asci (Carmarán et al. 2006 , Vasilyeva & Rogers 2010 , Shang et al. 2017 .
